Hypothyroidism in Children
Objectives After completing this article, readers should be able to:
Introduction
Thyroid hormone is essential to growth and neurologic development in childhood. The thyroid begins to take shape at 7 weeks' gestation, and thyroid hormone (T4, thyroxine) is produced starting at 12 weeks' gestation. Thyroid dysfunction in the neonate, infant, or child has a significant impact on development. The goal of treatment is to assure normal growth and avoid developmental delay.
Hypothyroidism in the Neonate Definition
Neonatal hypothyroidism results from decreased T4 production in a newborn. It is the most preventable cause of potential intellectual disability. T4 is critical to the myelinization of the central nervous system (CNS) during the first 3 years after birth. In the healthy term baby, serum thyroid-stimulating hormone (TSH) concentrations normally rise abruptly to 60 to 80 mU/L within 30 to 60 minutes after delivery. The serum TSH concentration then decreases rapidly to about 20 mU/L by 1 day of age and subsequently more slowly to 6 to 10 mU/L by 1 week of age. This surge in TSH stimulates T4 secretion, with serum T4 concentrations peaking at 24 to 36 hours of age at 10 to 22 mcg/dL (128.7 to 283.2 nmol/L). Serum T3 concentrations also rise simultaneously to about 250 ng/dL (3.9 nmol/L), due to increased conversion of T4 to T3 in peripheral tissues and thyroidal secretion. T4, free T4, and T3 concentrations gradually fall in the first 4 weeks after birth to total T4 concentrations of 7 to 16 mcg/dL (90.1 to 205.9 nmol/L), free T4 concentrations of 0.8 to 2.0 ng/dL (10.3 to 25.7 pmol/L), and TSH concentrations of 0.9 to 7.7 mU/L, which are higher than adult values. Preterm infants (especially those born at 24 to 27 weeks' gestation) have smaller increases in serum TSH and free T4 than do term infants, due to immaturity of the hypothalamicpituitary-thyroid axis. Preterm infants have lower cord T4 concentrations at birth, and due to their immaturity and concurrent nonthyroidal illness, the normal postnatal rise of T4 is delayed. Therefore, the number of abnormal newborn thyroid screening test results is disproportionately high in preterm infants, especially when measuring T4 in heel stick blood specimens.
Epidemiology
Sporadic cases of congenital hypothyroidism account for approximately 85% of cases; 15% are hereditary (autosomal recessive). More than 4 million infants are screened yearly in the United States, and 1,000 infants receive the diagnosis of congenital hypothyroidism each year, an incidence of approximately 1 in 4,000 newborns. In one study, the incidence was 1 in 4,000 in white infants, 1 in 2,000 in Hispanic infants, and 1 in 32,000 in African American infants. The incidence is twice as high in females, and congenital hypothyroidism is more common in twins. The longer the diagnosis and treatment of congenital hypothyroidism are delayed, the lower the intelligence quotient (IQ) versus the expected IQ.
Pathogenesis and Pathophysiology
Thyroid dysgenesis, a group of disorders occurring during thyroid development that includes ectopic thyroid, thyroid aplasia, and thyroid hypoplasia, occurs in 1 in 4,500 babies. Thyroid dysgenesis occasionally is associated (ϳ5% of cases) with other congenital anomalies. Inborn errors of thyroxine synthesis (dyshormonogenesis) are the most common genetic causes of congenital hypothyroidism, seen in 1 in 30,000 babies or 10% of diagnosed cases. These defects include a defect in thyroid peroxidase activity (impaired iodide oxidation and organification), abnormalities in iodide transport, production of abnormal thyroglobulin molecules, and iodotyrosine deiodinase deficiency.
Less frequent causes of congenital hypothyroidism include maternal antibody-mediated hypothyroidism (1 in 25,000 to 1 in 100,000), central hypothyroidism (1in 25,000 to 1 in 100,000), transient hypothyroidism, iodine deficiency (seen in parts of Europe, 1 in 100), autoimmune thyroiditis (1 in 50,000), and iodide excess (1 in 50,000). In all these forms of congenital hypothyroidism except central hypothyroidism, serum T4 is low and serum TSH is elevated. In central hypothyroidism, both T4 and TSH are low.
Central hypothyroidism may be associated with other pituitary deficiencies, other congenital syndromes (especially midline defects such as septo-optic dysplasia or midline cleft lip and palate), birth trauma or asphyxia, and undertreatment of maternal hyperthyroidism ("gestational hyperthyroidism"). Neonatal screening programs that are based on TSH screening only do not identify babies who have these forms of congenital hypothyroidism. Central hypothyroidism should not be confused with thyroxine-binding globulin (TBG) deficiency (1 in 4,300), which causes low serum T4 concentrations without TSH elevation but does not cause hypothyroidism.
Infants who are critically ill may have abnormal results on thyroid function studies due to nonthyroidal illness (previously called euthyroid-sick syndrome). In these babies, serum T3 is low due to poor peripheral conversion of T4 to T3, which is due to inhibition of 5Ј-monodeiodination by medications (glucocorticoids, amiodarone, propranolol, dopamine, dobutamine, furosemide), cytokines, and other circulating factors induced by the illness. Serum total T4 is low due to decreased binding to thyroid-binding proteins, but free T4 is normal (or even slightly elevated) and is measured best by assaying free T4 by equilibrium dialysis. TSH is low during the illness and typically rises during recovery. To distinguish between nonthyroidal illness and other causes of hypothyroidism, particularly central hypothyroidism, measurement of T3, free T4 by equilibrium dialysis, and TSH is needed. In nonthyroidal illness, the normal free T4 concentration, as measured by equilibrium dialysis, helps clarify the diagnosis. Thyroid replacement therapy is not indicated for treatment of nonthyroidal illness.
Preterm infants who have respiratory distress syndrome, intrauterine growth restriction, and other medical problems tend not to have the expected postnatal rise in serum T4, T3, and TSH. T4 and T3 concentrations in these babies may fall after birth and remain low until they rise slowly as the infant improves and gains weight. Some of the fall in serum total T4 is due to decreased serum protein binding ("hormonal reservoir"), but serum free T4 concentrations are more normal in preterm infants. Serum T3 concentrations are low because peripheral conversion of T4 to T3 is decreased. TSH concentrations also are suppressed in sick infants and infants treated with glucocorticoids or dopamine, which adds to the decline in serum T4 and T3 concentrations.
Symptoms and Signs
More than 95% of newborns who have congenital hypothyroidism have little in the way of clinical manifestations at birth. Some maternal T4 crosses the placenta, so infants who cannot make any thyroid hormone still have serum T4 concentrations that are 25% to 50% of normal. Birth length and weight are within the normal range, but head circumference may be increased. An open posterior fontanelle in a term baby may signal congenital hypothyroidism. Symptoms and signs that may be present include lethargy, hypotonia, hoarse cry, feeding problems, constipation, macroglossia, umbilical hernia, dry skin, hypothermia, and prolonged jaundice. Goiter is uncommon. Newborns who have congenital thyroid dyshormonogenesis may have a palpable goiter, but the goiter typically develops later in untreated patients. 
Laboratory Tests
For newborn screening, most states in the United States use initial T4 testing with follow-up TSH testing, although some are switching to TSH testing. Between 1 and 4 days of age, the normal range for serum total T4 concentrations is 10 to 22 mcg/dL (128.7 to 283.2 nmol/L). Between 1 and 4 weeks of age, the normal range for serum total T4 concentrations is 7 to 16 mcg/dL (90.1 to 205.9 nmol/L).
Subclinical hypothyroidism is defined as a normal serum total or free T4 concentration and a high serum TSH concentration. Although agreement is not clear about whether to treat subclinical hypothyroidism, we recommend that infants who have subclinical hypothyroidism be treated during the first 3 years after birth due to the critical dependence of the myelinizing CNS on thyroid hormone.
Radioiodine scans of the thyroid are recommended by some experts as part of the initial evaluation, but these studies are considered optional in American Academy of Pediatrics (AAP) guidelines.
Management
The overall goals of treatment are normal growth and good cognitive outcome. Serum T4 concentrations should be restored rapidly to the normal range, followed by continued maintenance of euthyroidism. The aim of treatment is to keep the serum T4 or free T4 concentration in the upper half of the normal range adjusted for age. Of note, many commercial laboratories do not provide age-adjusted normal ranges in their reports. In the first postnatal year, serum T4 should be 10 to 16 mcg/dL (128.7 to 205.9 nmol/L) and serum free T4 should be 1.4 to 2.3 ng/dL (18.0 to 29.6 pmol/ L). The serum TSH concentration should be less than 5 mU/L.
Oral T4 (levothyroxine) is the treatment of choice. The AAP recommends an initial dose of 10 to 15 mcg/kg per day, usually 37.5 or 50 mcg/day. Because term babies who were started on 50 mcg/day versus 37.5 mcg/day had IQ scores that were 11 points higher, 50 mcg/day is recommended for all term and full-size infants. In preterm and other low-birthweight infants, the thyroid replacement dose should be calculated by using 10 to 15 mcg/kg per day, with the higher end administered to babies who have low T4 concentrations. Only T4 tablets should be used because thyroid suspensions prepared by individual pharmacists may result in unreliable dosing. Parents should be instructed to crush the T4 tablet and mix it with a small volume of human milk, formula, or water. Soy formulas or any preparation containing concentrated iron or calcium should not be used because they reduce the absorption of T4.
The more rapidly T4 concentrations are corrected, the better the neurologic outcome. In one study, patients who normalized their T4 concentrations in fewer than 2 weeks had better cognitive, attention, and achievement scores than those who took longer to normalize thyroid function. It also is clear that for more severely affected babies, a higher initial dose of thyroid replacement and normalization of thyroid function are associated with better neurologic outcomes. (1) The AAP recommends measurement of serum T4 or free T4 and TSH concentrations as follows:
• At 2 and 4 weeks after the initiation of T4 treatment • Every 1 to 2 months during the first 6 postnatal months • Every 3 to 4 months between 6 months and 3 years of age • Every 6 to 12 months thereafter until growth is complete • 2 weeks after any change in dose • At more frequent intervals when compliance is questioned or abnormal results are obtained About 10% to 20% of babies diagnosed as having congenital hypothyroidism have transient hypothyroidism. If the diagnosis of permanent hypothyroidism is not clear, T4 therapy can be stopped for 1 month when the child reaches 3 years of age and thyroid function retested off therapy. Permanent hypothyroidism is confirmed if the serum T4 value is low and the TSH value is elevated, and thyroid replacement should be restarted. If the T4 and TSH values remain normal, hypothyroidism has been present and now is resolved.
Prognosis
Babies born with congenital hypothyroidism who are treated adequately and promptly (in the first 2 to 6 postnatal weeks) grow and develop normally. When these children Babies born with congenital hypothyroidism who are treated adequately and promptly (in the first 2 to 6 postnatal weeks) grow and develop normally.
are compared with children born before newborn screening was instituted, the psychometric outcome is improved significantly. However, children who are treated inadequately in the first 2 to 3 years after birth have IQs below those of unaffected children. A literature review of 10 studies comparing children afflicted with more severe versus moderate or mild congenital hypothyroidism showed six studies that reported no difference in IQ and four studies that reported a 6-to 15-point lower IQ in the more severely affected children. (2) A group of 18 infants who were inadequately treated in the first 3 years after birth (T4 dose Ͻ5 mcg/kg per day) due to poor compliance had mean serum T4 concentrations of 8.6 mcg/dL (110.7 nmol/L) and a mean IQ score of 87 compared with a well-treated group who had mean serum T4 concentrations of 11.2 mcg/dL (114.2 nmol/L) and a mean IQ score of 105. (3) Other studies have found that even when there are no differences in global IQ scores, subtest components related to hypothyroidism may have some deficiencies. Some infants who have congenital hypothyroidism, including those whose IQ scores are normal, can have other neurologic problems, including difficulties with gross and fine motor coordination, ataxia, altered muscle tone, strabismus, decreased attention span, and speech. A Toronto screening program found language deficits at age 3 years, which diminished with age, and poor visualspatial and verbal skills at age 5 years. (4)
Thyroid-binding Globulin Deficiency
TBG deficiency manifests as the combination of a low serum total T4, low or normal serum free T4, and normal TSH concentrations. This entity should be distinguished from secondary or tertiary hypothyroidism (low T4 and "normal" TSH due to pituitary or hypothalamic hypofunction) by assessing free T4 by equilibrium dialysis. This assay corrects for inaccurate measurement of T4 and free T4 in a standard radioimmunoassay due to low concentrations of binding protein. Free T4 by dialysis is available in the United States through two commercial laboratories: Esoterix (Labcorp's reference laboratory) or Nichols (Quest's reference laboratory). TBG also can be measured in serum and is low in most cases. TBG deficiency is an X-linked recessive disorder that occurs in approximately 1 in 4,300 newborns, predominantly males. Infants born with TBG deficiency are euthyroid and do not require treatment.
Childhood (Acquired) Hypothyroidism Definition
Childhood hypothyroidism also is known as acquired hypothyroidism. The onset usually is after 6 months of age. The hypothyroidism is caused by failure of the hypothalamic-pituitary-thyroid axis, which results in decreased production of thyroid hormones. The hypothyroidism may be primary (at the level of thyroid gland), secondary (at the level of pituitary gland), or tertiary (at the level of hypothalamus).
Epidemiology
Most acquired childhood hypothyroidism is sporadic. Only 10% to 15% of cases are caused by inherited defects in thyroid gland synthesis or inborn errors of thyroid metabolism. Hashimoto thyroiditis (autoimmune), the most common cause of acquired childhood hypothyroidism, is more common in females and usually occurs in early to mid-puberty. The female-to-male ratio is 2:1. The incidence of Hashimoto thyroiditis during adolescence is approximately 1% to 2%. Hashimoto thyroiditis may occur by itself or in association with other autoimmune diseases such as type 1 diabetes mellitus, Addison disease, juvenile idiopathic arthritis, and systemic lupus erythematosus. Hashimoto thyroiditis occurs commonly in individuals who have Down syndrome or Turner syndrome.
Both genetic and environmental factors contribute to the pathogenesis of Hashimoto thyroiditis. The autoimmune process is believed to start with activation of CD4 (helper) T lymphocytes specific for thyroid antigens. The other causes of acquired childhood hypothyroidism are listed in Table 1 .
Clinical Aspects
Clinical manifestations include a decline in linear growth, fatigue, constipation, cold intolerance, poor school performance, weight gain, irregular menstrual periods, and somnolence (Table 2 ). Children afflicted with Hashimoto thyroiditis also may have other autoimmune disorders and a family history of thyroid and other autoimmune disorders to support the diagnosis.
Other clinical features of acquired hypothyroidism include bradycardia, short stature, increased weight for height, dry skin, increased body hair, pallor, myxedema of the face, an enlarged thyroid gland, proximal muscle weakness, delayed relaxation phase of the ankle reflex, and delayed puberty. Occasionally, acquired childhood hypothyroidism presents with precocious puberty. The enlarged thyroid gland usually is diffuse and nontender; sometimes the gland may be firm.
The onset of acquired childhood hypothyroidism often is very subtle; in retrospect, it may be evident that signs and symptoms were present for a longer time, sometimes for 2 to 3 or more years. If previous height measurements are available, a decline in linear growth from the onset of hypothyroidism will be evident.
Postablative Hypothyroidism
Postablative hypothyroidism may result from surgery, therapy with radioactive iodine, or irradiation. After a subtotal or total thyroidectomy, hypothyroidism eventually manifests. Such surgery may be indicated for removal of a thyroid neoplasm or for the treatment of Graves disease. Most children who have hyperthyroidism and are treated with radioactive iodine develop hypothyroidism, including 10% to 20% in the first year after treatment. Any irradiation to the neck increases the risk of developing hypothyroidism dose-dependently.
Hypothyroidism Due to Medications
Antithyroid medications such as thionamides, which include propylthiouracil, methimazole, and carbimazole, suppress thyroid function and lead to hypothyroidism if a high dose is used or the medication is continued when the child's hyperthyroidism is in remission. Lithium, used to treat bipolar disorder, interferes with thyroid hormone synthesis and secretion, leading to hypothyroidism. About one of three patients taking lithium develops subclinical hypothyroidism and one of six develops overt hypothyroidism. Most anticonvulsant drugs enhance hepatic metabolism and excretion of thyroxine, which could result in hypothyroidism, although patients receiving such drugs should not be treated unless the TSH concentration increases.
Chromosomal Disorders
Children who have Down syndrome or Turner syndrome have a higher incidence of hypothyroidism due to Hashimoto thyroiditis. Such patients should receive ongoing monitoring for evidence of hypothyroidism.
Iodine Deficiency
Iodine deficiency is uncommon in North America. However, iodine deficiency associated with goiter is the most common cause of hypothyroidism globally.
Late Onset of Congenital Hypothyroidism
Late onset of mild forms of congenital hypothyroidism appear after 6 months of age. The most common causes are ectopic gland or one of the inborn errors of thyroid hormone syntheses.
Secondary/Tertiary Hypothyroidism
Central hypothyroidism due to hypopituitarism or hypothalamic lesion leads to hypothyroidism that has subtle clinical features. Hypothyroidism can result from craniopharyngioma or other tumors pressing on the hypothalamic-pituitary axis. Hypothyroidism also can result from the surgery needed to remove the tumor or it can be caused by cranial irradiation. 
Thyroid Hormone Resistance
Thyroid hormone resistance is an autosomal dominant defect due to a mutation in the thyroid hormone receptor beta gene. Clinical features of hypothyroidism are present but are due to the failure of thyroid hormone concentrations to overcome the receptor binding defect.
Laboratory Tests
The common thyroid function test results diagnostic of primary hypothyroidism are low serum T4 or low serum free T4 concentrations and elevated serum TSH concentrations. If the serum T4 or free T4 value is low and the serum TSH value is normal or low, secondary or tertiary hypothyroidism may be present but must be distinguished from TBG deficiency. In these cases, the difference between secondary and tertiary hypothyroidism can be made on the basis of a thyrotropin-releasing hormone (TRH) stimulation test. In the case of secondary hypothyroidism, no significant change in TSH values occurs after administration of TRH; in hypothalamic (tertiary) hypothyroidism, TSH values increase. It is important to interpret results based on the normal range for age. In cases of Hashimoto thyroiditis, thyroid antibody (thyroid peroxidase antibody, antimicrosomal antibodies, thyroglobulin antibody) titers are increased and are diagnostic of Hashimoto thyroiditis. The use of ultrasonography and thyroid scan in the diagnosis of hypothyroidism usually is not warranted, but if a nodule is present, ultrasonography and thyroid scan may be indicated. Determination of bone age to evaluate for short stature may add confirmatory information. The Figure presents a diagnostic scheme for evaluating the child suspected of having acquired hypothyroidism.
Management
Childhood hypothyroidism is treated with levothyroxine. The doses for those ages 6 to 12 months, 1 to 3 years, 3 to 10 years, and 10 to 18 years are 5 to 8, 4 to 6, 3 to 5, and 2 to 4 mcg/kg of body weight, respectively. Treatment should be individualized because the absorption of T4 and metabolism vary among individuals. Serum free T4 and TSH concentrations should be monitored periodically, preferably at 3-to 6-month intervals. The goal is to keep the serum free T4 concentration at the mid-normal range and the TSH concentration in the normal range. Once the patient is euthyroid, many of the symptoms disappear.
Prognosis
The prognosis for recovering lost linear growth depends on the duration of the hypothyroidism as well as the age at which treatment is started. If the diagnosis is made around puberty, growth may not recover fully. Similarly, if hypothyroidism is longstanding, thyroid replacement will not recover all lost stature. If the onset of childhood hypothyroidism occurs after age 2 to 3 years, no permanent intellectual damage or neurologic deficit is likely. Children who have type 1 diabetes also should undergo annual thyroid function tests to ensure that hypothyroidism has not become part of the autoimmune glandular process. Overall, the prognosis of acquired childhood hypothyroidism is good if diagnosed in time and hypothyroidism is not of longstanding duration. 
